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(54) Method of producing Isocyanate-modified latex polymer 



(57) The present invention is directed to a method 
of producing a waterborne isocyanate-modified acrylic 
polymer. The method provides for reacting a compound 



having at least two-isocyanate functionalities with an 
isocyanate-reactrve polymer to produce the isocyanate- 
modified acrylic polymer of the present invention having 
extended shelf stability and solvent resistance. 
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While numerous patents for waterborne mSSSST^ ^^^^ 9™* copolymer, 
begin witt, some variant o, a standard iS^S^SiSSSSL which 
tion. In such processes, a prepo^mer having Iw^KS^T!^?^ by an 6mUlSi0n P 0 ^* 8 " 
volatile and flammable solvent since the Is^STrStoSw Stt ■ iTShi? S M °' " Btor ' ,ypical,y in a 
poiymer is then dfepersed into water, after whfch ^S^^^^^T" 0 1**"* wNh Th ° P- 
borne acrylic-urethane graft copolymere. To avoid ^c^Z^Zm ? W*™* to produce the water- 
two reaction vessels, one torth^^^^^Z^^^^ ,h,s cr « ,ca ' « « common to use 
to control the intended •WohtanilS^ 8 * n,hesfe - H °™ver. | is difficult 

'"^process. Due tottarnolecularw^ 
As a result, it is difficult to disperse such a p^poi^r^ 

the emuteion kettle, high powered stirring eSZ b E^^r^^**^^*""* 
Coaf/^s, g (1M 1), 281-340) «> u 'P™nt is usually requ.red for reaction vessels. (Progress in Organic 

The^^n^ 

polymer viscosity to make the dispersion step TJSS^^Sl T^TfJ^ °" WayS l ° bri " 9 down the P' e " 

patent) to Huybrechts discloses TS^S^tSSS^Z- i 4,888,3fl3 (her8inafter 1383 

method provides for adding a preporyr^^ ^L^^l '!f * W™*™* "W«W polyacrylic. The 

mixture consisting of an aque^^S^ toa reaction 

causingachaineLnsiono^^^ 

fc^gmnted, because of the need to cXme^StlT^ 

Thus, there exists a need for a process for vSSHT^S^ ° ^P^^^^i^y excluding water. 
r ^e to the r*e in viscostt/from SStTS^r ^ ^ « 
degree of control over the rate of isocyanate react'tty even in « w£T "" B "" * conside ' abl ° 

reacting a compound terminated with at least two isocvan*t« f.,n,*u^i 
^TedTe^^^ 

chirrs 

Rohm and Haas Company. Philadelphia. Penns^iain igTu i.l^^T f"^ 10 " 01 Polymera pub,ished b V 
GPC weight average mo.ecular weight canTesZat^ ^ ca'lcuSnn ^ * me u thacr V la,e a8 *• standard. The 
systems containing chain transfer W S S^Xt^Z^ ^ m ° ,ecUlar Woi ° n <- ,n 

polymerias monomer in grams divided by IbSSIZ^T, f^"*" W8 ' 9ht is 8impi ^ ,he ,otal we '9ht of 
Nation. Estimating the modular J^J^S^Z^^ T" T* *"» *» 
is more complex. A cruder estimate can be obtainedTv So J^! "* C ° ntain a Chain lrans,er agent 

and dividing that quantity by the pr«S5 « £ 5£ an^untlfln^ T^ 1 ,? monomer in grams 

P«n^ 

weight calculations can be found in Principles cfPoh^ri^h^^tSTX Tf^ 00 theoreti «' ™>tecular 
- Son.,,. , Y . „ ^^^^P^ 

~25^^ -P^r M "V convents, differentia, 

soft viscous rubbers/Tomeasu Ct^S 

rapidly cooled to -100- C, and then h aatld to w C at 'a SSS? Prehea,ed t0 w C - 
Tg was measured at the midpoint of the inflectfonusina the ?mm££ .225 *** W3S b8in 9 col,ec,ed - Tn * 
transition temperature of a^icutorcocoZe^^^ Alternatively, the reciprocal of the glass 

by ca.cu.atin Z* sum of Sn^SSSSX 

monomers. M, , Mg,— M n , from wL nrnXStZXEZ by Se T ^STF* * *• 

respective monomer, according to an equattenof the foiro 9 homopolymer derived from the 
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^(copolymer) * Xw(M i )/T g ( Mi) (1) 



wherein: 



so^ble pofymer means a polymer dissolved in mSSZ^ ^ ^ 

solved in water and water miscible solvent. Solubllized oo^i^un^^ t f fmm means 8 dis - 
the seW-cowding constant (K) of the Mooney equaSn KST-TS fT' 0 " b * h ^"9 

Pdymer has (K) equal to 1 .9. The details of Moonev eouaS, ™ J ^ l ° Zera * ^t^' dis P ersed 
o/ Water Disponed and Soluble aZt^J^^ T T m 80 8rtic,e en,it,ed Chamcter- 
Proc^ee- published P*J?£ X^^cST^ " ^ 

SOPaSKp^r^ 

«9ht scatterinfl technique to measure the size oJ £ ^^1^^^'^^^ 
particle size. The diameter based on an M SffiSZ^T ^ 8 ° atterin9 i8 8 ,unc,ion * 

pages entitled Uses and Abuses efnoi^SSS^SS* ,0Chniqu8 is deecribed " c "aP'er 3, 

oditton of American Chem Jlci^ al. hiflsr 

"Polymer solids' means polymer in its dry state 

The term •(meth)acrylate' includes acrylate and methacrylate 

afunctional groups to produce me waterbcl isoc^na e^XC " "° ^ 

anate-reactive monomer, which is caSe^.S ^^1*=^^^^^!' ^ ' ndUd< * 81 «• *»* 
the isocyanate-reactive functionally into the poSy^Z S^!^™*™ 9 ** ™ ™ ™* 
mbrtureorbvapost-functic^ 

mer after the polymerization is completed incorporate the .eocyanate-reactive functionality into poly- 

anats^^r^ 

acuve moieties present on the l«»«J25!SS?cS!E hSZ ST ^ ^ °* ^"te-re- 
preferably f,om2to4. if the number* CZTit^Jf !^ ,TO2to, ^ m " 
formation of the reeulting-waterbome Wtxmii^S^^Jm^ IT' Ch8in exceods »• 0,8 film 
anate-reactive moieties present on a pSerSJJS less taTi ""^ " 100 number 01 W 

anate-modMed pdymer wil. no, have ^^^1^1^^^ 8 Wa,Brboma 
and UV resistance. P^pemes, such as. toughness; gloss; adhesion; and abrasion, solvent 

at - m^^^ — tV copo^ing 

ytoe; N-cyanc^ety^^inoe^^^ J^Sa'^ J» •»* «etoxyethy, (methjacr" 

%l (methjacrylate. and hydroxypropyl (UthJacSe^iSaS J2i? m0n0rner8 ' 5UCh M ' 
isomers of hydroxy butyl (meth)acr>5ate E2 S^irST"^ Sub8Wu,ed ■"*"*»• and 
acrylate is more preferred. ^ ^ (meth)acrylate monomers are prefened. Hydroxyethyl (meth) 
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Chalky) (meth)acrylate monomers include, for example, acrylic and methacrylic ester monomers including methyl 
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, decyl (meth)acrylate, lauryl 
(meth)acrylate, cetyl (meth)acrylate, eicosyl (meth)acrylate, isobomyl (meth)acrylate, isodecyl (meth)acrylate, oleyl 
(meth)acrylate, palmityl (meth)acrylate, stearyl (meth)acry late, or various mixtures thereof. Vinyl ester monomers, such 

s as, for example, vinyl acetate, vinyl propionate, vinyl neononanoate, vinyl neodecanoate. vinyl-2-ethylhexanoate, vinyl 
pivalate, vinyl versatate or a mixture thereof. Suitable vinyl monomers include, for example, vinyl halide, preferably 
vinyl chloride, vinylidene halide, preferably vinylidene chloride, or various mixtures thereof. Suitable vinyl aromatic 
monomers include, for example, one or more polymerizable vinyl aromatic compounds and mixtures thereof and also 
include styrene, alkyl-substituted styrenes, such as, ct-methylstyrene, ct-ethylstyrene, p-methylstyrene and vinyl xylene, 

10 halogenated styrenes, such as, chlorostyrene, bromostyrene and dichlorostyrene, other styrenes having one or more 
nonreactive substituents on the benzene nucleus, vinyl naphthalene; acrylomtrile or various mixtures thereof. 

The preferred monomer mixture includes hydroxyethyl (meth)acry!ate and monoethylenically unsaturated mono- 
mers, such as methyl methacrylate, butyl acrylate, butyl methacrylate, ethyl acrylate, ethylhexyl acrylate, styrene, me- 
thyl styrene or various mixtures thereof. 

f 5 A more preferred monomer mixture includes at least one or more of the following: 

1 ) butyl acrylate, hydroxyethyl (methacrylate and methyl methacrylate. 

2) butyl methacrylate, hydroxyethyl (meth)acry!ate and methyl methacrylate, 

3) butyl acrylate, hydroxyethyl (meth)acrylate and styrene, 

20 4) 2-ethylhexyl acrylate, hydroxyethyl (meth)acrylate and methyl methacrylate, or 
5) 2-ethylhexyl acrylate, hydroxyethyl (meth)acrylate and styrene. 

The mo9t preferred monomer Includes styrene, hydroxyethyl (meth)acrylate and 2-ethylhexyl acrylate. 

If desired, the isocyanate-reacttve polymer further includes in the range of from 0.5 percent to 20.0 percent, pref- 

2S erably in the range of from 2 percent to 10 percent, of a monomer containing an acid functionality, all percentages 
being in weight percent based on the total weight of polymer solids. 

The acid functionality results from including in the monomer mixture one or more of the monoethylenically unsatu- 
rated carboxylic acid monomers, such as, for example, acrylic acid, methacrylic acid, itaconic acid, crotonolc acid, 
aconitic acid, atropic acid, maleic acid, maleic anhydride, fumaric acid, vinyl benzoic acid, half-esters of ethylenicalty 

30 unsaturated dicarboxylic acids, half-amides of ethylenicalty unsaturated dicarboxylic acids and various mixtures there- 
of. Other suitable monomer include one or more monomethyl Itaconate, monomethyl f umarate, monobutyl fumarate, 
acrylamido propane sulfonate, sodium vinyl sulfonate, 2 acrylamido-2-methylpropanesulfonic acid, 2-methacrytoxye- 
thyl phosphate and phosphoethyl(meth)acrylate. The monomer containing the monoethylenicairy unsaturated carbox- 
ylic acid are preferred end acrylic acid, methacrylic acid and mixtures thereof are more preferred. 

3s The polymerization process is typically initiated by conventional free radical initiators, such as, for example, hy- 
drogen peroxide, t-butyl hydroperoxide, ammonium and alkali persulfates, typically at a level of 0.05 percent to 3.0 
percent by weight, all weight percentages based on the weight of total monomer. Redox systems using the same 
initiators coupled with a suitable reductant such as, for example, sodium bisulfite, sodium hydrosurffie and isoscorbic 
acid, may be used at similar levels. 

40 Chain transfer agents may be used in an amount effective to provide the desired GPC weight average molecular 
weight. For the purposes of regulating molecular weight of the polymer being formed, suitable chain transfer agents 
include well known hab-organic compounds, such as, carbon tetrabromkJe and dibromodichloromethane; sulfur-con- 
taining compounds, such as, alky Ithiols including ethanethiol, butanethiol, tert-butyi and ethyl mercaptoacetate, as well 
as aromatic thiols; or various other organic compounds having hydrogen atoms which are readily abstracted by free 

4S radicals during polymerization. Additional suitable chain transfer agents or ingredients include but are not limited to 
butyl mercaptopropionate; isooctylmercapto propionate; bromoform; bromotrichloromethane; carbon tetrachloride; 
alkyl mercaptans, such as, 1-dodecanthiol, tertiary-oVxJecyl mercaptan, octyl mercaptan, tetradecyl mercaptan, and 
hexadecyl mercaptan; alkyl thbgtycolates, such as, butyl thioglycolate, isooctyl thiogfycoate. and dodecyf thioglycolate; 
thioesters; or combinations thereol. Mercaptans are preferred. 

so When a dispersion of polymer particles is utilized, the polymer particle size is controlled by the amount of conven- 
tional surfactants added during the emulsion polymerization process. Conventional surfactants include anionic, noni- 
onic emulsifiers or their combination. Typical anionic emutelfiers include the salts of fatty rosin and naphthenic acids, 
condensation products of naphthalene sulfonic acid and formaldehyde of low molecular weight, carboxylic polymers 
and copolymers of the appropriate hydrophife-lipophfle balance, alkali or ammonium alkyl sulfates, alkyl sulfonic acids, 

& alkyl phosphonic acids, fatty acids, and oxyethylated alkyl phenol sulfates and phosphates. Typical nontonic emulsifiers 
include alkyiphenol ethoxylates, polyvinyl alcohols, potyoxyethylenated alkyl alcohols, amine polyglycol condensates, 
modified polyethoxy adducts, long chain carboxylic acid esters, modified terminated alkylaryi ther, and alkylporyether 
alcohols. Typical ranges for surfactants are between 0.1 to 6 percent by weight based on total weight of total monomer. 
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If desired the isocyanate-reactive polymer may include muni-stage polymer particles having two or more phases 
of various geometric structures, such as, for example, core/shell or core/sheath particles, core/shell particles with shell 
phases incompletely encapsulating the core, core/shell particles with a multiplicity of cores and interpenetrating network 
particles. In at! of these cases, the majority of the surface area of the particle will be occupied by at least one outer 

5 phase and the interior ol the latex polymer particle will be occupied by at least one inner phase. The outer phase of 
the multi-stage polymer particles weighs 5 weight percent to 95 weight percent based on the total weight of the particle. 
It is often desirable for each stage of the multi-stage polymer particles to have a different Tg. If desired, each stage of 
these multi-stage polymer particles may be provided with different GPC number average molecular weight, such as, 
the multi-stage polymer particle composition disclosed in US Patent 4,916,171 . 

10 The multi-stage polymer particles ol the isocyanate-reactive polymer are prepared by conventional emulsion po- 
lymerization process in which at least two stages differing in composition are formed in a sequential fashion. Such a 
process usually results in the formation of at least two polymer compositions. Each of the stages of the multi-stage 
polymer particles may contain the same chain transfer agents, surfactants, as those disclosed earlier. The emulsion 
polymerization techniques used for preparing such multi-stage polymer particles are well known in the art and are 

15 disclosed, tor example, in the US Patents No. 4,325,856, 4,654,397, 4,81 4,373 and 4,916,171 . 

Once the polymerization is substantially completed, the compound terminated with at least two isocyanate-func- 
tional groups is added to the aqueous medium containing the isocyanate-reactive polymer. The rate at which the com- 
pound is added, varies 0.2 percent to 100 percent of the total isocyanate charge per minute, more preferably in the 
range of from 1 percent to 1 0 percent of the total isocyanate charge per minute, to permit a controlled and homogeneous 

20 dispersion of the compound into the mixture. The aqueous medium containing the isocyanate-reactive polymer is 
preferably constantly agitated during the addition to improve mixing. More preferably the aqueous medium is stirred 
to create a vortex and the compound is preferably added at the center of a funnel shape of the vortex to improve the 
distributive mixing. It is believed without reliance thereon, that the isocyanate terminated compound reacts with the 
isocyanate-reactive polymer to produce the water-borne isocyanate-modtfied latex polymer of the present invention 

25 having extended shelf stability. When hydroxy-f unctional polymers are used, methane linkages are believed to be 
formed by the reaction of the hydroxy groups with the isocyanate groups. The isocyanate terminated compound is 
added to the aqueous medium at a stoichiometric ratio (SR) stated below: 

The isocyanate-terminated compound^ Vflfjes f Q 1 tQ 5 
30 The isocyanate-reactive polymer 

The preferred SR varies in the range of from 0.5 to 1.5. if the SR exceeds the upper limit, excessive amounts of 
urea groups are formed by the isocyanate-water reaction. As a result, the desired properties, such as, water sensitivity, 
shelf stability, impact resistance, solvent resistance of coating resulting from such an isocyanate-modtfied polymers 

35 are adversely affected. If the SR is below the lower limit, no significant enhancement in the desired properties, such 
as, water sensitivity, shelf stability, impact resistance, solvent resistance of coating resulting from such an isocyanate- 
modified polymers is achieved. 

The isocyanate compound is preferably provided with a molecular weight in the range of from 200 to 1000, pref- 
erably in the range of from 200 to 700. more preferably in the range from 200 to 500. 

«o Some of the desired compounds terminated with at least two isocyanate functionalities include aliphatic, cy- 
cloaliphatte or aromatic polyfuncttonal isocyanates, preferably difunctional aliphatic or cycloaliphatic diisocyanates. 
Examples of such diisocyanates are hexamethylene diisocyanate, trimethylhexamethylene diisocyanate, bis (4-isocy- 
anatocyclohexyO-methane, such as, Deemodur® W from Bayer, Pittsburgh, Pennsylvania, xylylene diisocyanate, te- 
tramethyl xylene diisocyanate. 

45 Examples of aromatic and polyfunction^ isocyanates are: toluene diisocyanate, diphenylmethane diisocyanate, 
Bayer's Desmodurft N (trit unctional biuret of hexamethylene diisocyanate), Desmodur® N3390 (isocyanurate trimer 
of hexamethylene diisocyanate), allophanates, biurets, and uretdiones of diisocyanates or various mixtures thereof. 

Some other compounds suitable for use in the present Invention include, tetramethylene diisocyanate, 1,4-cy- 
clohexane diisocyanate, 2,4- and 2,6-hexahydrotolylene diisocyanate, 1,4- and 1,3- phenyiene diisocyanate, 4,4'- 

50 diphenylmethane diisocyanate, 1 , 5- napthylene diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate, 
water dispersible polyisocyanates, such as, those described in US 5,1 85,200, US 5,200,489, EP 516,277, EP 486.881 , 
and in Bock and Petzoldt, Modern Paint and Coatings, February 1996, p.22, and the references noted therein; also 
included are various mixtures of the above isocyanates. 

If desired an acid-reactive crossiinking agent may be added during or after the addition of the isocyanate compound 

55 to the aqueous medium containing the isocyanate-reactive polymer provided with the acid-functionality, to crosslink 
the waterbome isocyanate modified acrylic polymer of the present invention . In this manner, the waterbome isocyanate- 
modified acrylic polymer may be used in a two-pack thermosetting formulation, that is typically stored In separate 
containers and then mixed by the user prior to it application. It is believed with out relianc thereon that the acid* eactive 
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(54) Method of producing laooyanate-modlfled latex polymer 



(57) The present invention Is directed to a method 
of producing a waterborne isccyanate-modified acrylic 
polymer, The method provides for reacting a compound 



having at least two-isocyanate functionalities with an 
isocyanate-reactive polymer to produce the isocyanate- 
modified acrylfc polymer of the present invention having 
extended shelf stability and solvent resistance. 
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Description 

*^=^^^ 

The problems described earlier are common to both the synthesis of PUDs and acn/ll c .u f aih« na 

They are we,. Known In the art and attempts to Improve .ha sLtlon l^S!!SS!^Z^ 
polymerv,soosrty to makatha dispersion step easier to accomplish. Thell SpSKaBM^ilL^ 
patent) to Huybrechts disclosee a method for preparing a stable dispersion of oo££^S22i* T*? f 

degree of control over the .ate of isocyanate reactivity even in tha presence of warn considerable 
^Thep^sant invention isdirectedtoa 

v m « I!f 5 8 "^P 00 "* ,ermir,ated «*" « two isocyanate-functional groups with an isocyanate-reaetive ool 
V aT 3 r° US m *° Pr0dUCa Wat9rt>0fne ^^^•^•d acrylic porymer ^ ^ 

NY in ?962 " " ** m * n ^«**' by Irja Pirma published by Academic Press, N Y 

by calculating th9 eum of tha reeolS ^ ^ * b " etrmaled wlh a h *9" degree of accuracy 

respective monomer, according to an equation of the form: * homopolymer dewed from the 
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n 

l/Tg( CO polymer) - Xw(Mi)/T g (Mi) (1) 

wherein: 

^9(«>poiym»r) « the estimated glass transition temperature of the copolymer, expressed in * Kelvin (*K); 
10 w (Mi) is tne weight fraction of repeat units in the copolymer derived from an P* monomer M,; and 

T 9(Mi) is tne 9 ,as9 transition temperature, expressed in * Kelvin (*K), of the homopolymer of an monomer M,. 

The glass transition temperature of various homopolymers may be found, for example, in "Polymer Handbook", 
edited by J. Brandrup and E. H. Immergut, Interscience Publishers. 
16 "Dispersed polymer" means particles of polymsr coiloidally dispersed and stabilized in an aqueous medium. 

"Solubilized polymer" includes 'Water soluble polymer", "Water reducible polymer" or a mixture thereof. Water 
soluble polymer means a polymer dissolved in an aqueous medium. Water reducible polymer means a polymer dis- 
solved in water and water miscible solvent. Solubilized polymer results in a polymer solution characterized by having 
the self-crowding constant (K) of the Mooney equation (1/ln^ s 1/BC - K/2.5J equal to zero. By contrast, dispersed 
20 polymer has (K) equal to 1 .9. The details of Mooney equation are disclosed in an article entitled "Physical Character* 
izatfon of Water Dispersed and Soluble Acrylic Polymers 9 by Brendley et al.. in 'NonpolMing Coatings and Coating 
Processes" published by Plenum Press, 1 973 and edfted by Gordon and Pmne, 

"Polymer particle size" means the diameter of the polymer particles measured by using a Brookhaven Model Bt- 
90 Particle Steer supplied by Brookhaven Instruments Corporation, Hottsvllle, New York, which employe a quasi-elastic 
25 light scattering technique to measure the size of the polymer panicles. The intensity of the scattering is a function of 
particle size. The diameter based on an intensity weighted average ie used. This technique is described in Chapter 3, 
pages 48-61 , entitled Uses and Abuses of Photon Correlation Spectroscopy in Particle Sizing by Welner et al. in 1 987 
edition of American Chemical Society Symposium series. 

"Polymer solids" means polymer in Ks dry state, 
so The term "(meth)acrylata' includes acrylate and methacrylate, 

The method of the present invention directed to producing a waterbome isocyanate-modlfied polymer includes 
reacting an tsocyanate-react Ive polymer In an aqueous medium with a compound terminated with at least two leocy- 
anate-functional groups to produce the waterbome isocyanate»modified polymer. 

The isocyanate-reactive polymer has a T fl in the range of from -56*C to 100"C, preferably, in the range of from 
35 -40 4 c to 100"C and, more preferably, in the range of from -10*C to 70 d C. 

The isocyanate-reactlve polymer is preferably prepared in the aqueous medium by conventional polymerization 
methode, such as, for example, emulsion polymerization from a monomer mixture, which includes at least one isocy- 
anate-reactive monomer, which is capable of reacting with an Isocyanate. It is contemplated that one may incorporate 
the isocyanate-reactlve functionality into the polymer by either adding the Isocyanate-reactive monomer to the reaction 
*o mixture or by a poet-f uncilonai'calion reaction which would incorporate the isocyanate-reactive functionality into poly- 
mer after the polymerization is completed. 

The amount of the isocyanate-reactive monomer added to the monomer mixture is adjusted to provide the isocy- 
anate-reactive polymer with at least one isocyanate-reactive moiety per polymer chain. The range of Isocyanate-re- 
active moietlee present on the isocyanate-reactive polymer chain varies from 1 to 30, preferably from 2 to 10, more 
4$ preferably from 2 to 4. If the number of isocyanate-reactive moieties present on a polymer chain exceeds 30, the film 
formation of the resutting-waterborne isocyanate-modified polymer will be adversely affected. If the wmbet of isocy- 
anate-reactive moieties present on a polymer chain is less than 1, a coating resulting from such a waterbome isocy- 
anate-modified polymer will not have desired properties, such as, toughness; gloss; adhesion; and abrasion, solvent 
and UV resistance. 

so Preferably, the Isocyanate-reactive polymer is emulsion polymerized in the aqueous medium by copolymerizing 
at least one monomer containing an isocyanate-reactive functionality, which includes aceto acetoxyethyl (meth)acr- 
ylate; N-cyanoacetyl-N-methylaminoethyl (meth)acrylate; hydroxy alkyl (meth)acryiate monomers, such as, hydroxys- 
thyl (meth)acryiate, and hydroxypropyl (meth)acrylate; acrylamide; methacrylamlde; alkyl substituted acrylamide and 
isomers of hydroxy butyl (meth)acrylate. Hydroxy alkyl (meth)acrytate monomers are preferred. Hydroxyethyl (meth) 
acrylate is more preferred. 

The remainder of the monomers in the monomer mixture suitable for preparing the isocyanate-reactive polymer 
include alkyl (meth)acrylate monomers, such as, (C r C 20 )alkyl (meth)acrylate monomers. As used herein, the termi- 
nology •(^-C^aJkyl" denotes an alkyl subgtituent group having from 1 to 20 carbon atoms per group. Suitable (C r 
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C 20 )alkyl (meth)acrylate monomers include, (or example, acrylic and methacrylic ester monomers including methyl 
(meth)acrylate. ethyl (meth)acrylate, butyl (methjacrylate, 2-ethylhexyl (meth)acrylate, decyl (meth)acrylate, lauryi 
(meth)acryiate. cetyl (meth)acrylate, eicosyl (meth)acrylate, ieobornyl (meth)acrylate, isodecyl {meth)acrylate, oleyl 
(mettyacrylete, palmrtyl (meth)acrylate, etearyl (methjacrylate, or various mixtures thereof. Vinyl ester monomers, such 

$ as, for example, vinyl acetate, vinyl propionate, vinyl neononanoatg, vinyl neodecanoate, vinyi-2-ethylhexanoa.te, vinyl 
pivaiate, vinyl versatile or a mixture (hereof. Suitable vinyl monomers include, for example, vinyl halide, preferably 
vinyl chloride, vlnylidene halide, preferably vlnylidene chloride, or various mixtures thereof. Suitable vinyl aromatic 
monomers include, (or example, one or more polymerizable vinyl aromatic compounds and mixtures thereof and also 
includs styrene, alkyl-subetituted styrenes, such as, omethylstyrene, a-ethylstyrene. p-methylstyrene and vinyl xylene, 

10 halogenated etyrenes, such as. chlorostyrene, bromoatyrene and dichforostyrene, other styrenes having one or more 
nonreactrve substituents on the benzene nucleus, vinyl naphthalene; acrylonitrHe or various mixtures thereof. 

The preferred monomer mixture includes hydroxyethyl (meth)acrylate and monoetbylenically unsaturated mono- 
mers, such as methyl methacrylate, butyl acrylate. butyl methacrylate, ethyl acrylate, ethylhexyl acrylate, styrene, me* 
thyl styrene or various mixtures thereof. 

w A more preferred monomer mixture includes at least one or more of the following: 

1) butyl acrylate, hydroxyethyl (meth)acrylate and methyl methacrylate, 

2) butyl methacrylaie, hydroxyethyl (meth)acrylate end methyl methacrylate, 

3) butyl acrylate, hydroxyethyl (meth)acrylate and styrene, 

so 4) 2-ethylhexyl acrylate, hydroxyethyl (meth)acry1ate and methyl methacrylaie, or 
5) 2-ethylhexyl acrylate, hydroxyethyl (msth)acrylate and styrene. 

The most preferred monomer includes styrene, hydroxyethyl (msth)acrylate and 2-ethylhexyl acrylate. 

If desired, the isocyanate-reacttve polymer further includes in the range of from 0.5 percent to 20,0 percent pref * 

& erably in the range of from 2 percent to 10 percent, of a monomer containing an acid functionality, all percentages 
being in weight percent based on the total weight of polymer solids. 

The acid functionality results from including in the monomer mixture one or more of the monoethylanlcally unsatu- 
rated carboxylic acid monomers, euch as, for example, acrylic acid, methacrylic acid, itaconic acid, crotonoic acid, 
aconitic acid, atropic acid, maieic acid, maleic anhydride, f umaric acid, vinyl benzoic acid, half-esters of ethylenically 

JO unsaturated dtear boxylic acids, half-amides of ethylenically unsaturated dfcarboxyttc acids and various mixtures there- 
of, Other suitable monomer include one or more rnonometnyl rtaconate. monometbyl fumarate, monobuty) fumarate, 
acrylamido propane sulfonate, eodium vinyl sulfonate, 2 acrylamido-2-methylpropanesulfonic acid. 2-methaciyloxye- 
thyl phosphate and phosphoethyl(meth)acrylate. The monomer containing the monoethylenlcally unsaturated carbox- 
ylic acid are preferred and acrylic acid, methacrylic acid and mixtures thereof are more preferred. 

3s The polymerization process is typically initiated by conventional free radical Initiators, such as. for example, hy- 
drogen peroxide, t-butyl hydroperoxide, ammonium and alkali persulfates, typically at a level of 0,05 percent to 3.0 
percent by weight, ail weight percentages based on the weight of total monomer. Redox systems using the same 
initiators coupled with a suitable reductant such as. for example! sodium bisulfite, sodium hydrosulffle and isoscorbic 
acid, may be used at similar levels. 

<0 Chain transfer agents may be used In an amount effective to provide the desired GPC weight average molecular 
weight. For the purposes of regulating molecular weight of the polymer being formed* suitable chain transfer agents 
include well known halo-organic compounds, such as, carbon tetrabromkJe and dibromodichloromethane; sulfur-con- 
taining compounds, such as, alkyrthiois including ethanethiol, butanethtol, tert-butyl and ethyl mercaptoacetate, as well 
as aromatic thiols; or various other organic compounds having hydrogen atoms which are readily abstracted by free 

4$ radicals during polymerization. Additional suitable chain transfer agents or ingredients include but are not limited to 
butyl mercaptopropionate; isooctyimercapto propionate; bromoform; bromotrichloromethane; carbon tetrachloride; 
alkyi mercaptans, such as, i-dodecanthtol, tertiary-dodecyl mercaptan, octyl mercaptan, tetradecyl mercaptan, and 
hexaddcyl mercaptan; alkyi thiogtycotatea, such as, butyl thiogtycotate, isooctyl thiogrycoate, and dodecyl thioglycolate; 
thioestere; or combinations thereof. Mercaptans are preferred. 

50 When a dispersion of polymer particles is utilized, the polymer particle size is controlled by the amount of conven- 
tional surfactants added during the emulsion polymerization process. Conventional surfactants include anionic, noni- 
onlc emuleffiers or their combination. Typical anionic emulsifters include the salts of fatty rosin and naphthenlc acids, 
condensation products of naphthalene sulfonic acid and formaldehyde of low molecular weight, carboxylic polymers 
and copolymers of the appropriate hydrophite-lipophile balance, alkali or ammonium alkyi sulfates, alkyi sulfonic acids, 

55 alkyi phosphonic acids, fatty acids, and oxyethylated alkyi phenol sulfates and phosphates. Typical nonionic emulsiflers 
include alkylphenol ethoxylates, polyvinyl alcohols, polyoxyethylenated alkyi alcohols, amine polyglycol condensates, 
modified polyethoxy adducts, long chain carboxylic acid esters, modified terminated alkyfaryl ether, and alkylporyether 
alcohols. Typical ranges for surfactants are between 0, 1 to 6 perc nt by weight based on total weight of total monomer. 
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polymerization techniques used for preparinp S St ' 6 ^ actl,n,e - as «"ose disclosed earlier Tha^S! 

formed by the reaction of the hydroxy orouoTwith ,hT- P ° lyme,s a,e UBed . "^ane linkages are believed .«Z 
added to the aqueous medium at a stoichiometric fSffiSZ Jff ^ iS0Cyana " te ™«*«<* compound is 

» ^^anaie-tarmin^^^ , 

The isocyanaie-reactlve polymer ' = variBS 1 roni °- 1 to 5 
The preferred SR varies In the range of from 0 5 1« i «; » ... 

SR^ceeds the upper limit, excessive amounts of 

tramethyi xylene diisoeyanaie. 1f0m Bay9r - ^"urgh. Pennsylvania, xylytene diisocyanatete 
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croeslinking agent crosslinks with the acid functional^ m ,h* • 

If desired the aqueous medium m£hrtS2E2 ^active Po'ymcr. 

stabilizers, anmoam agent,, p,a St Z«ng ^ 

^sition. of the pigment. Suitably. ^SSSSS^T by based °" 

exceed 10 percent by weight, baaed on the total weigh to ZecZZl^? ° not 
percent or2 percent of each other additive would bipr^ ^ S ' ,W ' '° r ° acha *^ ^^ualVonly up to i 

n a --*™ euch 

monoethylether, diethyleneg.yco. monobutyle^and ^ll d 2 ^ hylhe * ano1 . glycoletbers such as ethylene ,JZ£ 
methylethyiketone; solvents such as ^2^^"' ^cof mathyether; ketones, such as 

g ycolacetate. These may be added as coalescina soZ*« n , J araceta,es ' suchas.methyletherof propylene 
of the resulting formutation to a tavaTSt^^ '° '° Wer ,he fi *" 'omtion temperate 

The one-pack waterbome iu^nm B -^^l2r^l C0 *" n ° envied 

stability over conventional ,wo-pa^( Jo oSjSfl 23K£ P " -,m inV8n,i ° n Pr ° V,deS •SL 
rom 'O.o 35 minwestofewhoum, typical which typically have a pot We varZ 

m excess of at leas, one month. . yp iX2e raVJ^K^LT'""' * *• P ' 8Sent invan,ion haa ™£?*22 

sistance to degradation from ambient and aniflcial UV 11*?'^ «.?h T ' abraS,0 °' ™ r ' andD,ock resistance; re- 
the coatings resulting from the waterbome teu^ZZt ^ M * " 0m interlor "descent lighting Ae a reeuh 
infhe industrtai coatings appiicaflons.^ 

automowe coatings; interior and exterior arch toSJSSJ !2? e ° B,,? *"' ,OSmed m * ,n ^ «* coatings 
The coatings resulting from the wateibome isoevanat-^- . - h 

tS? b ' nd6r " Sed in automotiv8 *o' appfica Sr52KlSr!^ 8P8C ' a,,y indUS,r, ' al chemicate - 8UCh 

Thefollowingtestp^edureswereusedforevaluaZmon^ 9 06 baK6S ' 

^''^'^^'^P^^usedinthemethodofthepreeent 

The emulsion stability of the waterbome isocvanata^mn^ ^ 
the waterbome laocyanate-modified eowShX^S^ST^ ^ meaaured * P e ^"V slfrring 
such as. a stick or a stirrer, and then S^ZS ^ 10 a va8SBl 8 stirring dev^e 

coagulated material, partlcutarty after SSE^cJEES J**" '° f *• pre96nc * - a "y grit, gel orS 

Tek ev!n ,h T ,,y in69rt0d ' C ™P<»*one with J^T^Zt^T "•** tHe STl ™9 

week, even though such compositions may contain a emal^nl , ^ b ° S, " fed easi, y aft * 8 Period of one 
of the total weight, which could be removedCmt^Ir '° ' COa 0 ulumof 9*»- '^ally under about 2 parcTnt 
wh,ch are subs^ntia.ly Ires from coagu.™ J KSSSiET SUCh 33 9 60 ™ £h ■« Cdi*SE? 

Procedure for preparation of Polymer 1 

ssrrSEi* 2 08 9 - ■ cd,um *• 45 g o7w^rwfsZ 9 ^Tr ,iun ' per8utete ,n ,s ° * » »«<» 

SLU t f ,eaCt,0,, miinure neul ^»d to a pS clyTvl oS ° ° r6aCt,0n mbaur8 war 8 1 80 ™<™* 
descnbed herein was used for preparino Polvmer* 9 *pnoi» ammonie. The same oroeedura 
Menuree listed in Tables below- * 9 Po,ymar8 2 - 3 fl " d Comparative Po^merA, by utilizing appmpn^eKm™ 
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(continued) 



M nomer Mixture 1 for Polym r 1 


sodium dodecyl benzene sulfonate 


12.56 


Butyl Acrylate 


708.08 


Methyl Methacrylate 


511.32 


Acetoacetoxy ethyl Methacrylate 


138.60 


Methacrylic add 


27.71 


1-Dodecanethiol @ 98% 


13.85 




Monomer Mixture for Polymer 2 


Dl water 


425.60 


sodium dodecyl benzene sulfonate 


12.56 


Butyl Acrylate 


70B.0S 


Methyl Methacrylate 


511.32 


Hydroxyethyt Methacrylate 


138.60 


Methacrylic acid 


27.71 


1-Dodecanethtol $ 98% 


13.85 



4$ 



Monomer Mixture for Polymer 3 


Dl water 


425.60 


eodium dodecyl benzene sulfonate (23% active) 


87.36 


Butyl Acrylate 


708.08 


Methyl Methacrylate 


511.32 


Hydroxyethyl Methacrylate 


138.60 


Methacrylic acid 


27.71 




Monomer Mixture for Comparative Polymer A 


Dl water 


425.60 


sodium dodecyl benzene sulfonate (23% active) 


87.36 


Butyl Acrylate 


806.48 


Methyl Methacrylate 


551.51 


Methacrylic acid 


27.71 



so Procedure for preparation of Polymer 4 

To a 5 liter stirred reactor containing 1383.0 9, deionizsd water (Dl water) and 3.0 g. of an aqueous solution of 
sodium dodecyl ben2ene sulfonate (23% active Ingredient) which had been heated to 85 *C. 43.4 g. of Monomer 
Emulsion #1 (ME#1) listed in Tables below was added. The container used for storing ME#1 was then rinsed with 15 
ss g. of Dl water and the rinse was added to the reactor, A solution of 2.08 g. of ammonium persulfate in 15.0 g. Dl water 
and a solution of 2.08 g. sodium carbonate in 45 g. Dl was then added. Ten minutes after the first addition of MEn, 
with the temp rature of th reaction mixture maintained at 85° C, the remainder of ME#1 and a solution of 1.04 g. 
ammonium persulfate in 75.0 g. Dl water were added to the reaction mixture at a uniform rate over a go minute period. 
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Thirty minutes later, with the temperature of the reaction mixtur still maintained at 85* C. Monomer Emulsion #2 
(ME#2) and a solution of 1.04 g. ammonium persulfate in 75.0 g. Ol water were added to the reaction mixture at a 
uniform rate over a 90 minute period. The final reaction mixture wae neutralized to a pH of 7.5 with 29% aqueous 
ammonia The same procedure described herein was ueed for preparing Polymers, by utilizing appropriate Monomer 
s Emulsions listed in Tables below: 



Monomer Emulsion No. 1 lor Polymer 4 


Dl Water 


212.60 


sodium dodecyl benzene sulfonate (23% active) 


6.28 


Methyl Methacrylate 


557.02 


Butyl Acrylate 


73.43 


Styrene 


55.42 


Methacrylic acid 


6.93 




Monomer Emulelon No. 2 for Polymer 4 


Ol water 


212.80 


sodium dodecyl benzene sulfonate (23% active) 


6.28 


Butyl Acrylate 


372.70 


Methyl Methacrylate 


146.90 


Hydroxyethyl Methacrylate 


138.60 


Methacrylic acid 


34.64 


i-Dodecanethiol © 98% 


6.92 




Monomer Emulelon No. 1 for Polymer 5 


Ol water 


212.84 


sodium dodecyl benzene sulfonate (23% active) 


43.68 


Methyl Methacrylate 


557.02 


Butyl Acrylate 


73.43 


Styrene 


55.42 


Methacrylic acid 


6.93 




Monomer Emulelon No. 2 for Polymer 5 


Ol water 


212.84 


sodium dodecyl benzene sulfonate (23% active) 


43.68 


Butyl Acrylate 


372.70 


Methyl Methacrylate 


146.90 


Hydroxyethyl Methacrylate 


138.60 


Methacrylic acid 


34,60 



Preparation of Isocyanate Modified Latex Polymers 

Examplee 1 through 8 of the isocyanate-modffied polymers of the present invention, shown in Table 1 below, were 
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prepared under the following procedure. 

A 4-necksd round bottom flask, equipped with a condenser, a stirrer and thermometer was charged with a Polymer 
shown in Table 1 below. The isocyanate compound, listed in Table t below, was then added to the charge. Additional 
Dl water, listed in Table 1 below, was added to the reaction mixture to adjust the f tnai solids of the resulting isocyanate- 
s modified polymer, which was stirred overnight at room temperature under nitrogen. The reaction mixture was then 
neutralized to a pH s 7.0 with aqueous ammonium hydroxide (28%). 



Table 1 



10 




Ex- 1 


ex. 2 


Ex.3 


Ex.4 


Ex. 5 


Comp. 
Ex.6 


Ex.7 


Ex.8 




Polymer 




















Polymer 2 


100 
















1$ 


Polymer 3 




100 
















Polymer 1 






100 














Polymer 4 








100 












Polymer 5 










100 








20 


Polymer A 












100 








Polymer 2 














100 






Polymer 4 
















100 


25 






















Compound 




















ICNo, 1 


4 


3 


2 


4 


3 


2 


0 


0 




IC No. 2 


0 


0 


0 


0 


0 


0 


3.3 


3,9 


30 


Ol water 


10 


15 


15 


10 


15 


15 


2.6 


0 
























Properties 


















$5 


Final Weight 
% Solids 


37.fl 


35.2 


34.7 


37.5 


34.6 


34.4 


40.0 


41.1 




Particle size 
(nm) 


201 


66 


213 


201 


76 


61 


201 


201 


40 


Stability 


X 


X 


Y 


X 


X 


2 


X 


X 


45 
50 


The following abbreviations were used In Table 1 above: 

Ex. means Example. 

Compound means isocyanate compound, 

IC No. 1 means Desmodur® XP-7053 water disperslble polylsocyanate supplied from Bayer, Pittsburgh, 
Pennsylvania. 

IC No. 1 means Desmodurtf W bis (4-isocyanat0cyclohexyl)-methane supplied from Bayer, Pittsburgh, Pennsylvania, 
X means no gel or coagulum observed attar a period of one week, which is an indication of higher than acceptable 
level of stability. The observation was discontinued thereafter. 

Y means slight filterable gel or coagulum observed after a period of one week, which is an indication of acceptable 

level of stability. The observation was discontinued thereafter. 

Z means gelled, which is an indication of a composition that is not stable. 



From "fable 1 it can be seen that the waterbome leocyanate-modified acrylic polymers of the present invention, 
made from emulsion polymers containing teocyanate-reactive functional groups (Examples 1-5, 7 and 8) are more 
55 stable than the one without such functionalities (Comparative Example 6). 
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Claim* 

1 . A method of producing a waterborne i60cyanate-modlfied acrylic polymer comprising; 

reacting a compound terminated with at least two isocyanate-f unctional groups with an isocyanate-reactive 
s polymer in an aqueous medium to produce said waterborne isocyanate-modified acrylic polymer. 

2. The method of claim 1 further comprising providing eaid isocyanate-reactive polymer with an acid-functionality. 

3. The method of claim 2 further comprising adding a crosslinking agent to said aqueous medium for reacting said 
10 acid functionality on said polymer with said croeelinking agent 

4. The method of claim 1 wherein eaid compound has a molecular weight in the range of Irom 200 to 1000. 

5. The method of claim 1 wherein a stoichiometric ratio of reactive groups, for said compound terminated with at least 
is two isocyanate-f unctional groupe to said isocyanate-reactive polymer varies in the range of from 0.5 to 5, 

6. The method of claim 1 wherein said isocyanate-reactive polymer is provided with from 1 to 30 isocyanate-reactive 
functionalities per polymer chain. 

20 7. The method of claim 6 wherein said Isocyanate-reactive functionalities results from an isocyanate-reactive mon- 
omer selected Irom the group consisting of acetyl acetoxyelhyl (meth)acrylate, N-cyanoacetyl-N-methylaminoethyl 
(meth)acrylate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, acrylamide, methacrylamide> alkyl 
substituted acrylamide, isomers of hydroxy butyl (meth)acrylate and various mixtures thereof. 

25 8. The method of claim 1 wherein said compound is selected from the group consisting of hexamethylene drisocy- 
anate, bis (4-isocyanatocyctohexyO-methane, toluene dliaocyanate, Afunctional biuret of hexamethylene diisocy- 
anate, isocyanutate trimer of hexamethylene diisocyanate, 4,4'- diphenylmathane diisocyanata, isophorone diieo- 
cyanate, water dispersible polyisocyanatee and various mixtures thereof. 

30 9. A method of producing a waterborne isocyanate-modified acrylic polymer comprising: 

emulsion polymerizing a monomer mixture in an aqueous medium to produce an isocyanate-reactive polymer, 
said mixture containing at least one isocyanate-reactive monomer and at least one acid functional acrylic 
monomer; 

35 adding a compound terminated with at least two isocyanate-functlonal groups to said aqueous medium in a 

stoichiometric ratio of said isocyanate-reactive monomer to said ieocyanate-terminated compound varying in 
the range of from 0.5 to 5, said compound having a molecular weight varying in the range from 200 to 1000; 
reacting said isocyanate-reactive polymer with said compound to produce said isocyanate-modtfied latex pol- 
ymer having extended shelf-stability. 

40 

10. An isocyanate-modified acrylic polymer produced in accordance with claim 1 or 9. 
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